Introduction {#s1}
============

Executive function (EF) refers to a set of cognitive abilities that allow individuals to control thoughts and actions in the face of new or complex situations in which an automatic or impulsive response is not useful (see Miyake and Friedman, [@B54]). These functions help individuals select the most advantageous choice when confronted with the complex and heterogeneous demands of life and include skills such as the ability to suppress inappropriate responses (inhibition), the ability to flexibly shift between ideas and activities (cognitive flexibility), and the capacity to hold, to update and actively manipulate information in mind (working memory) (Miyake et al., [@B55]). In addition to this traditional cognitive model, an emotional component of EF has also been conceptualized. Zelazo and Müller ([@B85]) have made a distinction between the development of relatively "hot" emotional aspects of EF and the development of more purely "cool" cognitive aspects. Whereas, cool EF is likely to be elicited by relatively abstract and context-free problems, hot EF is required in situations that involve the regulation of affect and motivation. Cool EF is evoked in situations or activities that are cognitively demanding and emotionally neutral (e.g., retrieving information after being manipulated mentally, such as during a working memory task); hot EF is elicited in situations where there is motivational involvement, such as when a reward is expected. It has been suggested that hot and cool EF typically work together as part of a more general adaptive system (Zelazo and Carlson, [@B84]).

The role of EF during development
=================================

Although EF develops over a long period of time that spans from the first year of life until late adolescence, the most impressive change in EF skills occurs during the preschool period (Garon et al., [@B36]). The rapid growth in EF that takes place between the ages of 3 and 5 enables children to organize their thinking and behavior with increasing flexibility, decrease their reactive responding to contextual cues, and engage in self-regulated and rule-governed behavior (for a review see Garon et al., [@B36]).

Individual variations in the development of EF within this age range have been found to be associated with and predictive of important cognitive achievements, such as self regulation (Sokol and Müller, [@B72]), social competence, specifically the Theory of Mind (Hughes and Ensor, [@B39]), and learning abilities (Blair and Razza, [@B10]). EF deficits have been found in several psychopathological conditions such as Attention-Deficit Hyperactivity Disorder (ADHD, Castellanos et al., [@B20]), pervasive developmental disorders (Pellicano, [@B61]), intellectual disabilities (Lanfranchi et al., [@B47]), and learning difficulties (Andersson and Lyxell, [@B2]).

In particular, EF development is significantly related to a child\'s learning ability (Bull et al., [@B14]; Brock et al., [@B13]). The relationship between early EF and later school achievements is fairly robust. Longitudinal research has suggested that EF skills contribute significantly to both mathematical and literacy achievement (Bull and Scerif, [@B16]; Blair and Razza, [@B10]; Clark et al., [@B23]) in children of various ages with and without specific learning disabilities (Müller et al., [@B58]; Best et al., [@B6]). As reported by Wass ([@B81]) early individual differences in cognitive control capacity may mediate the later-emerging differences in learning skills and academic outcomes in typical development (Snyder and Munakata, [@B70]) and in atypical conditions, such as children from low-SES backgrounds that are more likely than their peers to have reduced EF (Welsh et al., [@B82]), children at risk of ADHD (Lawson and Ruff, [@B49]) or children with genetic disorders (Cornish et al., [@B24]).

Efficacy of EF intervention in children
=======================================

In recent years, several types of training aimed at enhancing EF have been proposed (Diamond and Lee, [@B28]). Although there are still several open questions regarding the efficacy of EF interventions (Morrison and Chein, [@B57]; Shipstead et al., [@B69]; Melby-Lervag and Hulme, [@B53]), they still may represent an opportunity for children at risk for specific disorders and for clinical populations. For example, although parent training and medical treatment are the most common clinical approaches to ADHD (Klingberg et al., [@B42]; Charach et al., [@B21]) tested a working memory computer training program for ADHD children (RoboMemo, Cogmed Cognitive Medical Systems AB, Stockholm, Sweden) that showed positive results for working memory and transfer effects on inhibition performance that were maintained at follow up.

Though the promising results of EF interventions (Klingberg et al., [@B42]; Holmes et al., [@B38]; Diamond and Lee, [@B28]), most studies were focused on school age children (8--12 years, Diamond and Lee, [@B28]), sometimes with contradictory results (no EF gains in children with autistic spectrum disorder, Fisher and Happe, [@B35]; a positive effect in children with intellectual disabilities, Söderqvist et al., [@B71]).

Thus far, to our knowledge, only a limited number of studies have investigated the effect of EF intervention on preschool children (e.g., 4--6 years), despite the potential preventive effect of early intervention (Sonuga-Barke and Halperin, [@B73]). Actually, as suggested by Melby-Lervag and Hulme ([@B53]) younger children may show significantly larger benefits from training than older children and the promotion of EF development during the preschool period could increase the school readiness of children (Blair, [@B9]).

Regarding preschool interventions, different types of program have been developed for typical children. Comparing the effects of these interventions using a cost-benefit approach is difficult because they differ in duration (long- vs. short-term interventions), setting (individual vs. group interventions), and materials.

The long-term programs are generally group-based interventions that correspond to a school curriculum and are provided in educational services over the entire length of the preschool or during the year before the primary school entrance (e.g., Bierman et al., [@B7],[@B8]; Raver et al., [@B64]). An example of such an intervention is Tools of the Mind curriculum developed by Bodrova and Leong ([@B11]) based on a Vygotskian approach. The program emphasizes the development of underlying skills such as paying attention, remembering on purpose, logic, and symbolic representation; opportunities to learn cognitive and socio-emotional self-regulation abilities are interwoven into almost all classroom activities throughout the day. In a randomized trial, Diamond et al. ([@B27]) found that preschoolers from low-income families who attended the Tools of the Mind Program showed markedly better EF performance than control group.

Nevertheless, the implementation of this type of intervention have some strict requirements, such as time resource, the commitment of school principals, intensive teacher training and good student--teacher ratios (see also Lillard and Else-Quest, [@B50]; Domitrovich et al., [@B30]). The need for such resources can make these programs expensive and can reduce their feasibility.

Short-term interventions are generally individualized training to be carried out over periods ranging from 1 week to 1 month (see Appendix A for a review). They include several computer-based trainings with rather intensive time schedules lasting from 2 to 5 weeks with 2 to 5 sessions per week (Rueda et al., [@B68], [@B67]; Thorell et al., [@B74]; Bergman Nutley et al., [@B4]) or paper-and-pencil activities with three to eight short sessions concentrated in a week (Dowsett and Livesey, [@B31]; Kloo and Perner, [@B43]). Finally, a mixed individual and group training that use different types of activities and games has been proposed by Röthlisberger et al. ([@B66]). Their intervention focused on the basic components of EF---i.e., working memory, interference control and cognitive flexibility---and represents a good trade-off between individualized computer-based interventions and large-group curriculum interventions. Prekindergarten (5-year-old) and kindergarten children (6-year-old) were involved in daily sessions of approximately 30 min in which three different tasks were performed in three different ways: in a group, in pairs of children and individually. The tasks were adapted versions of some well-known EF tasks (e.g., Simon says, Luria\'s hand game, dimensional card sorting, listening recall). Activities were carried out twice a week by a trained experimenter and by the teachers, who were trained and supervised by the experimenter, on the remaining 3 days.

Although short-term interventions differ in terms of training procedures and the EF components targeted, they have generally proven to be effective in promoting working memory (Bergman Nutley et al., [@B4]; Röthlisberger et al., [@B66], for only prekindergarten children; Thorell et al., [@B74]) and cognitive flexibility (Kloo and Perner, [@B43]; Röthlisberger et al., [@B66] only for prekindergarten children). Regarding interference control, the results are rather mixed. One study found significant training effects in preschool children with poor inhibitory skills (Dowsett and Livesey, [@B31]), another study found this effect only in kindergarten children (Röthlisberger et al., [@B66]), and three studies of typically developing children failed to find any increase (Rueda et al., [@B68], [@B67]; Thorell et al., [@B74]). Finally, to our knowledge, only the study by Rueda et al. ([@B67]) found a partially positive effect of the training on hot EF, which was still present at follow-up.

The results of studies on early EF interventions are promising and suggest that different strategies may be useful for enhancing EF during preschool period. However, most studies documented the effectiveness of interventions only on a limited set of EFs: some studies focused on specific EFs components (such as working memory); and showed some limitation for a use in preschool educational settings.

Early EF intervention that could be implemented in educational services for preschoolers could represent a prevention strategy for children with a potential delay or impairment in the development of EF, such as children from low socioeconomic backgrounds (Noble et al., [@B60]; Farah et al., [@B34]; Kishiyama et al., [@B41]) or children at risk for ADHD symptoms (Diamond and Lee, [@B28]). This type of program could be very useful in responding to the needs of diverse populations of children that are not always adequately identified and managed during the preschool years.

Nevertheless, previous EF training programs for preschool children, though partially effective, can be challenging and expensive when applied in standard educational contexts. Most programs are highly resource-consuming because, in some cases, they require the specific training of teachers and in the other cases the interventions are based on short-term individualized activities that should be conducted under the supervision of a trained adult.

The present study
=================

The aim of the present study was to evaluate the efficacy of a training program designed to promote EF during preschool period, in particular in 5-year-old children that are present in educational services before to start the primary school at age of six, by following a cost-effective approach suitable for educational services. The key point is whether a play-based group training that can be easily implemented in school settings, including low-resource contexts, may be as effective as other, more expensive types of interventions, to increase EF. To develop a training, suitable for educational services that requires low cost material and low time and personnel resources, may be a strategy to reduce the gap in EF level through children at risk, such as children from disadvantage social condition, before school entrance.

No computers or other technical equipment was used, and all required materials were simple, inexpensive, and readily available. The training activities were completely separate from the assessment tasks to avoid the observation of any apparent increases in EF in the training group that may have resulted from intensive practice on the assessment tasks rather than real improvements in EF.

To demonstrate the efficacy of the training in promoting EF, an extensive battery was used to assess the three core EF components (i.e., inhibition, shifting, and working memory). The tasks were selected to evaluate growing levels of cognitive control and both the hot and cool aspects of EF. We expected the intervention to be effective in improving different EF abilities, such as inhibition, working memory and flexibility, immediately after the end of the training.

Methods {#s2}
=======

Participants
------------

Five-year-old children who attended four public educational services (kindergarten) in commonly recognized disadvantage areas in the main province of a northwestern region of Italy were enrolled for this study. In Italy, children from 3 to 5 years old attend kindergarten that offer a pre-primary curriculum, that emphasizes activities that enhance creativity, social attitudes, autonomy, and learning, and it supports school readiness. Kindergartens are mostly public and free of charge for families, except for lunch fees, which depend on family income. Attendance at kindergartens is non-compulsory, but it is almost universal: more than 95% of the target children attend kindergarten before to start the primary school at age of six. Depending on the school, classes are age-homogeneous or age-heterogeneous; in the latter case, 3 to 5 year old children share most of the educational activities, except for lab activities, in which only one age group is included at a time. Additionally, in the case of age-homogeneous classes, small-group activities are equally common. Classes are composed maximum of 29 children. For this study, the priority was given to schools serving areas commonly recognized as low-income ones in which most of the children attended full time.

As shown in Figure [1](#F1){ref-type="fig"}, the project was presented to 132 families; 38 parents refused to give consent to participation, and 4 children were excluded due to ascertained developmental disorders Children with special needs or disabilities are fully integrated into the regular classroom, nevertheless we preferred to initially verify the efficacy of our training in children with typical development. The parents of the remaining 90 children filled up the parental informed consent and provided information about their socio-demographic conditions and their children\'s behavior by completing two brief questionnaires. The 90 children were assigned randomly to the training and control groups. Five children were selected at random from each class to be included in the training group, whereas the remaining children formed the control group. This procedure was adopted to guarantee that the control and experimental children shared the same school setting and that school context could not differently affect EF development. At the end of the random assignment, the training group and the control group consisted of 35 and 55 children, respectively.

![**Participants flow chart**.](fpsyg-06-00525-g0001){#F1}

In contrast to other studies (Rueda et al., [@B68]; Thorell et al., [@B74]), we did not include both active and passive control groups for the following two reasons: no differences emerged from the comparisons of the performances of passive and active groups in previous studies (Rueda et al., [@B68]; Thorell et al., [@B74]), and we wanted to compare this training with standard kindergarten activities, which usually include small-group activities for children of the same age.

At the post-intervention assessment, 15 children (12 controls and 3 experimental children) did not complete the evaluation due to prolonged absence from school and were consequently excluded from the analyses. The 15 children who were excluded from the study did not differ from the others with regard to their socio-demographic characteristics. All of the children included in the intervention attended at least 8 out of 12 sessions.

The final sample consequently consisted of 75 children ranging in age from 62 to 76 months (*M*~age~ = 68.6; SD = 3.5; 53% female): 43 children comprised the control group (*M* = 68.6; SD = 3.6; age range: 62--75 month; 58% female), and 32 children comprised the training group (*M* = 68.7; SD = 3.5; range: 63--76 months; 47% female).

Procedure
---------

Pre-test assessments were conducted for both the control and training groups. Following the pre-test, which lasted approximately 2 weeks, a month of training within the regular kindergarten day commenced for the intervention group only. After training, all of the children were immediately reassessed no later than 2 weeks following the end of the training.

All tasks described in the following section were administered twice (i.e., pre- and post-training), with the exception of the Colored Progressive Matrices (CPM, Raven, [@B63]). The CPM were used as a screening measure to verify that there were no difference for intelligence at baseline for the two groups. In both the pre- and post-training conditions, the children were tested individually by trained psychologists, blind to children condition, over three sessions that lasted approximately 20--25 min each. The assessments took place at school in a silent room during the kindergarten day. The tasks were administered in a fixed order for two main reasons. First, a fixed order is preferred for the investigation of individual differences (see Carlson and Moses, [@B18]; Wiebe et al., [@B83]), and fixed orders allow for the control of session duration and the variation of tasks according to the materials, response modalities and abilities required. The order in which tasks were administered, as well as a summary of the variable labels, is reported in Table [1](#T1){ref-type="table"}.

###### 

**Summary of the assessment battery: the order of tasks for each session and the variables labels used in each task to assess EF and cognitive abilities are reported**.

![](fpsyg-06-00525-i0001)

Measures
--------

### EF assessment

Tasks were selected based on the following criteria: 1. All tasks required the children to actively control their reactions. Impulsive or automatic responses led to mistakes. 2. Most of the tasks were well-known EF measures in child research. 3. The tasks were chosen to minimize the effects of non-executive abilities, such as the children\'s vocabulary and knowledge, and the instructions were simple, involved familiar materials and required different types of input and output modalities (i.e., verbal/visuospatial stimuli, hot/cool situations, motor/verbal responses, and pencil paper/computer tasks). 4. All tasks differed from the training activities. 5. The tasks required different levels of control the ranged from simple motor control to conditions of high cognitive conflict. Most of the tasks had multiple codings, such as time and accuracy.

### Hot EF tasks

To assess hot aspects of EF, two delay tasks were used.

### Delay task

This task (adapted from Kochanska et al., [@B45]) is a version of the standard delay paradigm that is frequently used to assess the ability of children to delay gratification (see Kochanska et al., [@B44]). The child is asked to wait as long as she can before opening a gift box and the latency is recorded (Delay Task Time, expected range 0-no limit).

### Gift wrap task

This task (Kochanska et al., [@B45]) is used to evaluate the ability to delay gratification and inhibit undesirable behaviors in children (Carlson and Moses, [@B18]; Carlson, [@B17]). Children were told that the examiner would wrap a present behind their back and that they should not peek until the examiner said they were allowed to do so. The examiner then noisily wraps the gift over a period of 60 s. The latency to the first peek (Gift Wrap Task Time, expected range 0--60 s) and the total number of peeks during the 1-min interval were coded (Gift Wrap Violations, expected range 0-no limit).

### Inhibition tasks

A set of different tasks was used to assess inhibition.

### Circle drawing task

This task (Bachorowski and Newman, [@B3]) is a well-known measure of the motor inhibition of an on-going response that has been used for both adult (Wallace et al., [@B80]) and childhood assessments (Geurts et al., [@B37]; Marzocchi et al., [@B52]; Usai et al., [@B75]). The child must trace with his finger over a 17 cm diameter circle from a starting point to an ending point. The task is administered twice. On the first administration, neutral instructions ("trace the circle") were given, and on the second administration inhibition instructions were given ("trace the circle again but this time as slowly as you can"). Larger time differences indicate better inhibition (slowing down) on the part of the participant in her continuous tracing response. Time in seconds was recorded for each trial. Scores were calculated as the slowdown relative to the total time using the following formula: T2−T1/T2+T1, where T1 and T2 were the times recorded for the first and second trials, respectively (Circle drawing task, expected range negative to positive values-no limit).

### Preschool matching familiar figure task

This task (adapted by Kagan, [@B40]) measures the child\'s ability to restrain impulsive responses and to compare the target with all of the pictures by shifting attention from the target to each alternative. The child is asked to select from among different alternatives the figure that is identical to the target picture at the top of the page. In the form that has been adapted for kindergartners, this task involves five alternatives and is comprised of 14 items. The number of errors (Matching Errors, expected range 0--56) and the mean latency between the presentation of the item and the child\'s response were recorded (Matching Time, expected range 0-no limit).

### Arrow flanker task

The Flanker task (adapted from Ridderinkhof and van der Molen, [@B65]) is a well-known paradigm that is used to evaluate the ability to inhibit irrelevant interfering stimuli (Eriksen and Eriksen, [@B33]; Kramer et al., [@B46]). The child is required to respond to a left or right pointing arrow presented at the center of the computer screen by pressing a left or right response button. The arrow is flanked by two arrows pointing in the same direction (congruent condition, 16 items) or in the opposite direction (incongruent condition, 16 items) or by two simple lines in the neutral condition (16 items). After a brief training consisting of six items (two of each condition), 48 items are randomly presented (16 items per condition, half left and half right). A warning cross (500 ms in duration) preceded the stimulus (1500 ms in duration). After the stimulus, the screen turned blank for 500 ms. Response times for each item (Arrow Flanker Time, expected range 0--3 s) and accuracies in the incongruent condition were recorded (Arrow Flanker Accuracy, expected range 0--16).

### Shifting tasks

Two different tasks were used to assess shifting.

### Go/No-Go task

The go/no go task (adapted from Berlin and Bohlin, [@B5]) is a well-known paradigm that tests the abilities of both adults and children to inhibit prepotent responses (Durston et al., [@B32]; Verbruggen and Logan, [@B78]). In the third condition, the children are asked not only to restrain an automatic response but also to pay attention to, and shift between, different dimensions of the same object. While in front of a computer screen, the child is instructed to press the space bar according to the instructions given by the examiner for the following three conditions: 1. "Press the space bar when you see a blue figure; do not press when you see a red figure." (30 items: 12 blue stars, 12 blue balls, 3 red stars, 3 red balls); 2. "Press the space bar when you see the star; do not press when you see the ball" (30 items: 12 red stars, 12 blue stars, 3 red balls, 3 blue balls); and 3. "Press the space bar when you see a blue star, do not press for the remaining figures" (40 items, 32 blue stars, 4 blue balls, 2 red stars, 2 red balls). The percentage of go responses was 80% in each of the three conditions. The stimulus duration was 3000 ms, and the blank page that appears after each stimulus lasted 1000 ms. The sum of the correct responses in the no go conditions (Go/No-Go Accuracy, expected range 0--8) and the mean response time for all of the three conditions were calculated (Go/No-Go Time, expected range 0--3 s).

### Dots task

This task (Diamond et al., [@B27]) is a high cognitive conflict task in which the child has to shift between rules according to the stimulus presented (see Diamond et al., [@B27]; Diamond and Lee, [@B28]). A heart or a flower appears on the right or left of a computer screen. The child is told that he must press on the same side as the heart but on the side opposite the flower, which requires inhibiting the tendency to respond on the side where the stimulus appeared. After a brief training session with heart and flower items, the test began, and hearts and flowers were intermixed in the test. The sum of the correct responses (Dots Accuracy, expected range 0--3 s) and the mean latency for correct responses were recorded for each child (Dots Time, expected range 0--20).

### Working memory and updating tasks

Three tasks were used to assess children working memory and updating ability.

### Backward word span

This task (Ciccarelli, [@B22]) is a traditional working memory task (Carlson, [@B17]; Alloway et al., [@B1]). This task requires the child to recall a sequence of spoken words in reverse order. Words were presented approximately once per second. After an illustration trial, the test begins with three trials of two words. The number of words increments by one every three trials until three lists are recalled incorrectly. The maximum list length at which two sequences were correctly recalled was scored (Backward Span, expected range 1--9).

### Mr. cucumber

This task (Case, [@B19]) is a measure of working memory in children (Morra, [@B56]). The examiner presents a large outline drawing of an extra-terrestrial character with a number of colored stickers attached to it at specific body parts (e.g., on the nose, on the left antler, etc.) for 5 s. The child is then shown a colorless drawing and asked to indicate the positions of the stickers in the previously presented figure. There are three items per level (from 1 to 8 stickers, in ascending order). An item is scored as correct if the child points at all of the correct body parts and no other body parts. One point is given for each consecutive level on which a child correctly indicates at least two items, and one third of a point is given for each correct item beyond that level (Mr. Cucumber, expected range 0--8).

### Keep track

The Keep Track task (adapted by Van der Ven et al., [@B77]) is a working memory task that is suitable for assessing updating ability in both adults (Miyake et al., [@B55]) and children (Van der Sluis et al., [@B76]; Van der Ven et al., [@B77]). A computerized version of the Keep Track task was created. The child was shown pictures, each of which belonged to one of the following five categories: animals (dog, cat, fish, bird), sky (sun, moon, stars, cloud), fruit (strawberry, grapes, pear, apple), vehicles (train, bicycle, motorbike, car), and clothes (socks, skirt, t-shirt, shoes). Before each trial, the child was asked to pay special attention to one (first three trials) or two designated categories (last three trials). The pictures were shown in series of six. During the presentation of each series, the child had to name each picture. At the end, the child had to recall the last item in each designated category, which required managing the interference cause by the other named pictures. The number of designated categories increased from one (in the first three series) to two (in the last three series). During picture presentation, small pictures symbolizing the to-be-remembered categories were shown at the bottom of the screen to serve as a reminder. One point was given for each correct response, and 0.5 points were given if the child was not able to recall the item and asked to see all the pictures in the requested category again (Keep Track, expected range 0--9).

### Fluid intelligence

The Colored Progressive Matrices Test (Raven, [@B63]) was administered to measure fluid intelligence and was used as a screener. It is a multiple choice test of abstract reasoning in which the child is required to complete a geometrical figure by choosing the missing piece among 6 possible drawings; the patterns progressively increase in difficulty during the 36 items presented (CPM, expected range 0--36).

### Parent report questionnaire

Parents evaluated children using the Attention and hyperactivity symptoms scale, Parents version (Cornoldi et al., [@B25]) a rating scale in which parents report the prevalence of their child\'s inattentive behaviors (9 items) and hyperactive-impulsivity symptoms (9 items) on four-point Likert scales (from never = 0 to very frequently = 3). The scale has been validated and standardized for the Italian population and exhibits good reliability and validity (Marzocchi and Cornoldi, [@B51]). This scale was used in the pre-test assessment to verify that the control and training groups did not differ in their levels of dis-attention or hyperactive behavior.

Training
--------

The intervention program we developed aimed to foster EF skills through a series of small group game activities that require progressively higher levels of inhibitory control, working memory, and cognitive flexibility. Specifically, the intervention was proposed to small groups of five children, while the others children performed the normal kindergarten activities that include small group laboratories. The intervention was performed three times a week and it included 12 sessions of approximately 30 min each over approximately 1 month; the training took place at school in a silent room during the kindergarten day.

For the intervention, we adopted a play-based approach to intervention using the same story and characters through which the children enact roles during and across sessions to involve the children and maintain their motivation to collaborate. Specifically, in the first session, children are invited to listen to the fantasy story of Chicco and Nanà, two little goblin friends attending kindergarten. Unfortunately, the two friends have difficulty thinking carefully before acting such that, while preparing a magic potion, they erroneously transform themselves into a mouse and a cat, a condition in which it is difficult to be friends. To be converted into goblins again so that they may attend primary school, their teacher wants them to overcome 10 different challenges that will help them become more regulated. The children are asked to help Chicco and Nanà, by overcoming different challenges (intervention activities) that require EF skills.

All of the training activities were different from the assessment tasks that were administered to the children before and after the intervention, which required increasing levels of cognitive control and active participation on the part of each child. All of the activities were specifically designed for 5-year-old children so that they were challenged and engaged but also experienced a manageable level of difficulty. Each activity required that the entire group reach the fixed goals; thus, the children had to collaborate and positively reinforce each other to reach the goal (for a brief description of the training activities, see the Training Description in the Appendix B).

In order to help children manage the activities, all of the training sessions were structured in the same way so that the children could focus on the new activity without being distracted by the setting. Each activity started with a brief warm-up activity to introduce the session; then, the children were given an explanation for the new activity and were assigned their roles and tasks; finally, the session ended with a metacognitive activity.

The adult introduced the activities and the rules that all children had to respect, facilitated the interaction among the children, provided suggestions and support only when strictly necessary, and helped children to be autonomous in managing and controlling the game. Each child was given a different role with a specific responsibility---for example, the director was in charge of managing the players\' behavior. During the session, the roles were exchanged. The children were invited to resolve conflicts by complying with the rules of the activity and respecting the roles they were assigned. Moreover, we provided concrete aids to help the children develop and practice self-regulation strategies through concrete experiences with physical materials. Every training session ended with a metacognitive activity that consisted of asking children to color smiling faces reported on a schedule according to their self -perception of their EF and to share strategies that they considered useful in performing the challenges. Special attention was paid to support the children\'s self-esteem and well-being during the activities, and the children were praised for their efforts during and at the end of each session.

The training involved low-cost, easily available materials (e.g., colored markers, pens and pencils, cardboard, paper, printed materials). The activities were designed to be included in the standard kindergarten curriculum, which emphasizes learning through play. Finally, the small-group approach, which is typically part of the standard organization in Italian kindergartens, can be easily implemented in the daily school schedule.

The training was carried out by a trained psychologist. The fidelity of training implementation was ensured by requiring to the training psychologist to know the aims of the training, how to perform the activities and to manage the situation by consulting the training book that we developed. At this level of evaluation, we decided to do not involve teachers before determining whether our training was effective. At the end of the project, teachers received a brief course in which the research findings were presented, the training books were shared and the teachers were supported in learning training aims and activities. An online version of the training book was developed to permit free download.

Results {#s3}
=======

Descriptive analyses were conducted on pre-test and post-test data to verify the variables\' distributions and the rate of missing data and outliers. Then, chi-square and *t*-test were performed to verify the existence of differences between the training and control groups at baseline on socio-demographic variables, children\'s symptoms of inattention and hyperactivity, and pre-test task performance (i.e., on the EF tasks and Colored Progressive Matrices). Subsequently, pre-to-post differences between the groups, using pre-test scores as covariates, were performed to investigate training efficacy. To verify the relative magnitudes of the experimental treatment, effect sizes (range: 0--1) were calculated using Cohen\'s ([@B86]) effect size formula.

Descriptive statistics for the EF tasks, considering pre- and post-tests, and reliability
-----------------------------------------------------------------------------------------

Descriptive statistics (i.e., means, standard deviations, possible score ranges, skewness, and kurtosis) for the EF tasks were conducted with respect to data from the pre- and post-EF task assessments. Large interindividual variabilities were recorded for most tasks. No floor or ceiling effects were found with the exception of the first two conditions of the Go/No-Go Task. The percentage of missing values ranged from 0 to 3%, with a single exception of 9% in the third condition of the Go/No-Go Task, which was mostly attributable to the duration of the task.

Scores that deviated from the mean by 3 standard deviations (SDs) or more were considered outliers and were excluded from the analyses. Outliers comprised 0--1% of the data across all of the tasks with exception of the Delay Task, in which 6% of the data were considered outliers. All the tasks were normally distributed, with the exceptions of the Delay Task and the Preschool Matching Familiar Task (time), for which logarithmic transformations were used to obtain improved skewness and kurtosis parameters.

Pearson correlations between the control group\'s performance on EF tasks at the pre and post test showed that, across all tasks, the retest reliability was moderate, with a mean *r* = 0.58 (range = 0.41--0.99).

Verifying differences between training and control groups at the baseline level before the training
---------------------------------------------------------------------------------------------------

No significant differences between the control and training groups were found at baseline in terms of mothers\' and fathers\' levels of education, parents\' perceptions of social and economic support, family income, levels of inattention and hyperactive behavior as reported in the parent report questionnaires, percentage of bilingual children, presence of brothers or sisters, children\'s mean age, gender distribution, or general cognitive abilities (no children scored below the 25th percentile), as reported in Table [2](#T2){ref-type="table"}.

###### 

**Training vs. control group comparison: socio-demographic characteristics and parental reports of the children\'s behavior at baseline, before beginning the training**.

                                                 **Training group**                      **Control group**                                           
  ---------------------------------------------- --------------------------------------- ------------------- --------------------------------------- ---------------
  *Mother years of education*                    12.53                                   12.31               *t*~(1,\ 56)~ = 0.236, *p* = 0.814      No difference
  Primary school, 5 years of ed.                 0                                       4%                                                          
  Secondary sc., 1°grade, 8 years of ed.         31%                                     23%                                                         
  High School Diploma, 13 years of ed.           47%                                     58%                                                         
  University, 18 years of ed.                    22%                                     15%                                                         
  Master, 22 years of ed.                        0                                       0                                                           
  *Father years of education*                    12.61                                   10.68               *t*~(1,\ 54)~ = 1.947, *p* = 0.057      No difference
  Primary school, 5 years of ed.                 0                                       4%                                                          
  Secondary sc., 1°grade, 8 years of ed.         29%                                     48%                                                         
  High school diploma, 13 years of ed.           55%                                     40%                                                         
  University, 18 years of ed.                    10%                                     8%                                                          
  Master, 22 years of ed.                        7%                                      0%                                                          
  *Family Earn by year*                          *X*^2^~(5,\ 43)~ = 8.545, *p* = 0.129                                                               
  ≤10,000                                        14%                                     14%                                                         No difference
  10,000--15,000                                 17%                                     0                                                           
  15,000--20,000                                 10%                                     43%                                                         
  20,000--25,000                                 21%                                     7%                                                          
  25,000--30,000                                 17%                                     21%                                                         
  ≥30,000                                        21%                                     14%                                                         
  *Perceived economical support*                 *X*^2^~(3,\ 51)~ = 1.299, *p* = 0.729                                                               
  Insufficient                                   0                                       4%                                                          No difference
  Quite sufficient                               19%                                     17%                                                         
  Acceptable                                     42%                                     46%                                                         
  Quite good                                     30%                                     33%                                                         
  Optimal                                        0                                       0                                                           
  *Perceived social support*                                                                                 *X*^2^~(4,\ 53)~ = 1.158, *p* = 0.885   
  Insufficient                                   17%                                     8%                                                          No difference
  Quite sufficient                               7%                                      8%                                                          
  Acceptable                                     24%                                     21%                                                         
  Quite good                                     17%                                     21%                                                         
  Optimal                                        35%                                     42%                                                         
  *Family with more than one child*              65%                                     66%                 *X*^2^~(1,\ 75)~ = 0.002, *p* = 0.963   No difference
  *Parents report on child*                                                                                                                          
  dis-attentive behaviors                        7.09                                    7.19                *t*~(1,\ 73)~ = −0.068, *p* = 0.946     No difference
  hyperactive-impulsivity symptoms               6.86                                    6.72                *t*~(1,\ 73)~ = 0.109, *p* = 0.913      
  *Birth in Italy*                               100%                                    100%                --                                      No difference
  *Italian as the first language spoken*         100%                                    100%                --                                      No difference
  *Bilingual children*                           16%                                     9%                  *X*^2^~(1,\ 75)~ = 0.757, *p* = 0.384   No difference
  *Children mean age*                            68.60                                   68.69               *t*~(1,\ 73)~ = −0.100, *p* = 0.921     No difference
  *Sex distribution, percentage of female*       58                                      47                  *X*^2^~(1,\ 75)~ = 0.935, *p* = 0.333   No difference
  *General cognitive ability (Raven Matrices)*   16.60                                   17.19               *t*~(1,\ 73)~ = −0.922, *p* = 0.360     No difference

As shown in Table [3](#T3){ref-type="table"}, no differences between the control and training groups were found with respect to EF tasks performance at the pre-test assessment, with the sole exception of the Arrow Flanker Task; in this task, the control group outperformed the training group in terms of accuracy.

###### 

**Training vs. control group comparison: EF tasks performance at baseline level, before the training**.

                               **Training group**   **Control group**   **Difference at baseline level, pre test assesment**   
  ---------------------------- -------------------- ------------------- ------------------------------------------------------ ---------------------
  **DELAY OF GRATIFICATION**                                                                                                   
  Delay time                   1.08                 1.27                *t*~(1,\ 66)~ = −1.768, *p* = 0.082                    No difference
  Gift wrap time               28.83                27.15               *t*~(1,\ 73)~ = 0.389, *p* = 0.698                     No difference
  Gift wrap vilations          2.76                 2.34                *t*~(1,\ 69)~ = 0.856, *p* = 0.395                     No difference
  **INHIBITION**                                                                                                               
  Circle                       0.41                 0.33                *t*~(1,\ 73)~ = 1.470, *p* = 0.146                     No difference
  Matching time                0.74                 0.82                *t*~(1,\ 71)~ = −1.422, *p* = 0.160                    No difference
  Matching errors              12.98                13.06               *t*~(1,\ 73)~ = −0.065, *p* = 0.948                    No difference
  Arrow flanker accuracy       0 7.49               9.56                *t*~(1,\ 73)~ = −2.092, *p* = 0.040                    Control \> Training
  Arrow flanker time           874.90               846.08              *t*~(1,\ 72)~ = −0.803, *p* = 0.425                    No difference
  **SHIFTING**                                                                                                                 
  Go/No-Go accuracy            5.61                 5.2                 *t*~(1,\ 66)~ = 0.776, *p* = 0.441                     No difference
  Go/No-Go time                745.36               715.26              *t*~(1,\ 66)~ = 0.585, *p* = 0.561                     No difference
  Dots accuracy                12.77                13.03               *t*~(1,\ 73)~ = −0.065, *p* = 0.948                    No difference
  Dots time                    1177.75              1237.91             *t*~(1,\ 73)~ = −0.672, *p* = 0.819                    No difference
  **WORKING MEMORY**                                                                                                           
  Backward span                1.98                 2.03                *t*~(1,\ 72)~ = −0.378, *p* = 0.706                    No difference
  Mr: Cucumber                 1.64                 1.71                *t*~(1,\ 72)~ = −0.489, *p* = 0.626                    No difference
  Keep track                   3.15                 4                   *t*~(1,\ 73)~ = −1.741, *p* = 0.086                    No difference

Results of the efficacy study
-----------------------------

To test the efficacy of our training, we conducted a between-group comparison (training vs. control group) using analyses of covariance with the pre-test scores from each individual task covariates. This statistical technique, which combines regression analysis and analysis of variance, is preferable to the use of repeated measures analyses for experimental designs with pre- and post-tests (Dimitrov and Rumrill, [@B29]).

The analysis of the training efficacy revealed a significant effect of group on post-test performance after controlling for pre-test levels in the following tasks (Table [4](#T4){ref-type="table"}): the Delay Task \[*F*~(1,\ 64)~ = 8.61, *p* \< 0.01\]; Gift Wrap Time \[*F*~(1,\ 73)~ = 8.41, *p* \< 0.01\]; the Circle Drawing Task \[*F*~(1,\ 72)~ = 7.38, *p* \< 0.01\]; Preschool Matching Familiar Figure Task accuracy \[*F*~(1,\ 73)~ = 5.10, *p* \< 0.05\]; Arrow Flanker Task time \[*F*~(1,\ 70)~ = 4.14, *p* \< 0.05\]; Dots Task accuracy \[*F*~(1,\ 71)~ = 6.04, *p* \< 0.05\]; Backswords Word Span \[*F*~(1,\ 71)~ = 4.13, *p* \< 0.05\]; and Keep Track \[*F*~(1,\ 73)~ = 8.03, *p* \< 0.01\].

###### 

**Comparison of the performances of the training and control groups in the EF tasks post-assessment: means, standard deviations, the results of between-group (control vs. training groups) analyses of covariance using pre-test scores as covariates and effect sizes are reported (^\*^*p* \< 0.05; ^\*\*^*p* \< 0.01)**.

                                          **Post-Training assessment**   **Group effect**                                          
  ---------------------------- ---------- ------------------------------ ------------------ ---------- --------------------------- ------
  **DELAY OF GRATIFICATION**                                                                                                       
  Delay time                   Control    0.83                           0.62               8.61\*\*   **Training \> Control**     0.70
                               Training   1.25                           0.57                                                      
  Gift wrap time               Control    33.72                          18.90              8.41\*\*   ***Control \> Training***   0.65
                               Training   22.08                          16.62                                                     
  Gift wrap violations         Control    2.14                           2.02               0.07       *No difference*             0.44
                               Training   2.11                           1.87                                                      
  **INHIBITION**                                                                                                                   
  Circle                       Control    0.37                           0.25               7.38\*\*   **Training \> Control**     0.35
                               Training   0.46                           0.26                                                      
  Matching time                Control    0.73                           0.28               3.08       *No difference*             0.44
                               Training   0.84                           0.19                                                      
  Matching errors              Control    13.02                          6.93               5.10\*     **Training \> Control**     .45
                               Training   10.28                          4.61                                                      
  Arrow flanker time           Control    888.57                         7.96               4.14\*     **Training \> Control**     0.61
                               Training   820.95                         6.40                                                      
  Arrow flanker acc.           Control    11                             3.93               0.42       *No difference*             0.28
                               Training   12.09                          3.77                                                      
  **SHIFTING**                                                                                                                     
  Go/No-Go time                Control    711.41                         194.41             0          *No difference*             0.02
                               Training   714.71                         177.43                                                    
  Go/No-Go accuracy            Control    5.61                           2.22               0          *No difference*             0.16
                               Training   5.94                           2.02                                                      
  Dots time                    Control    1125.28                        322.36             3.3        *No difference*             0.14
                               Training   1168.77                        292.99                                                    
  Dots accuracy                Control    12.44                          3.82               6.04\*     **Training \> Control**     0.53
                               Training   14.59                          3.14                                                      
  **WORKING MEMORY**                                                                                                               
  Backward span                Control    1.98                           0.64               4.13\*     **Training \> Control**     0.43
                               Training   2.22                           0.42                                                      
  Mr. Cucumber                 Control    1.83                           0.62               1.54       *No difference*             0.27
                               Training   2.01                           0.66                                                      
  Keep track                   Control    3.78                           2.14               8.03\*\*   **Training \> Control**     0.65
                               Training   5.34                           2.69                                                      

For all of these tasks, the results indicate that the children who took part in the training performed better than the children who only attended the standard preschool activities. The only exception was the Gift Wrap hot task, in which the control children increased their waiting time at the second assessment, whereas the training children did not. The training group outperformed the control group in most inhibitory control tasks and also in two of the three working memory tasks (Backswords Word Span and Keep Track) and the Dots Task, which required cognitive flexibility.

To verify the relative magnitudes of the experimental treatment, effect sizes were calculated using Cohen\'s ([@B86]) effect size formula (*d*). Based on this formula, an effect size of 0.20 is considered small, an effect of 0.50 is considered medium, and an effect of 0.80 is considered large. As shown in Table [4](#T4){ref-type="table"}, the effect sizes of the training ranged from medium to large for the majority of the tasks.

Discussion {#s4}
==========

Several studies have confirmed the importance of EF in development (Bull et al., [@B14]).

However, early EF interventions have shown only partial results, and most were not developed for widespread use in preschool settings because they required trained personnel, time resources or technical equipment. Nevertheless, the development of an early EF intervention that can be easily implemented in educational services could be useful for enhancing school readiness and reducing the gap in EF development between typical and at risk children (such as children from disadvantaged contexts and those with poor working memory or suspected ADHD), especially when they are not yet properly identified.

The present study was conducted to examine the efficacy of an EF training program that was developed to be suitable for educational services using low cost materials and limited time and personnel resources. The training targets 5-year-old children attending the last year of preschool.

Training effects on EF
----------------------

The training produced positive results in all of the three principal EF components---i.e., inhibition, working memory and cognitive flexibility---whereas previous studies had found significant effects only in specific EF dimensions, such as working memory (Thorell et al., [@B74]). Only Röthlisberger et al. ([@B66]) had found substantial training effects for both working memory and cognitive flexibility in a sample of 5-year-old children, while interference control improved only in a sample of 6-year-old children.

The dissimilarity between the training activities and the tasks adopted in the assessment lead us to believe we measured real improvements in EF capacity and were not observing a mere task-training effect. The training group performed better in both the simple and the more complex tasks. The training group exhibited increased inhibition abilities, particularly in the control of ongoing motor responses as measured by the Circle Drawing Task and in the control of impulsive reactions as measured by the Preschool Matching Familiar Figure Task. The training group required less time to find the correct response in the presence of interfering stimuli in the Flanker Task, exhibited enhanced working memory abilities in both the Backward Word Span and Keep Track Task, and exhibited better performance in the Dots Task, which measured both inhibition and working memory in a switching context. Regarding the latter task, Diamond ([@B87]) indicated that this task requires the conjunction of two simultaneous demands: holding information in mind and inhibiting inappropriate responses, a combination that is truly difficult---particularly, if one\'s mental settings have to be continually switched according to task changes. These types of tasks thus require continuous cognitive control and are indicative of cognitive flexibility. An increase in these functions is therefore particularly significant in terms of the cognitive prerequisites for school readiness and academic performance because cognitive flexibility is significantly associated with both school achievement (see, for example, Bull et al., [@B15]) and superior approaches to learning that begin in the preschool period (Vitiello et al., [@B79]).

Regarding hot EF, the effects of the training were rather mixed, and the results suggest that the training did not consistently influence these EF components. In the Gift Wrap Task, the controls outperformed the training children, who exhibited reduced waiting time at the second assessment, whereas, in the Delay Task, the opposite pattern was found: the control children performed worse at the second assessment. Both of the tasks that we used to evaluate hot EF are associated with the ability to cope with frustration. Although the children were asked to manage their negative feelings somewhat---for example, while waiting their turn to provide an answer---during the training activities, this aspect was not specifically addressed by the training.

The training children outperformed the control group in the majority of the EF tasks. This study demonstrates that it is possible to enhance EF skills using an ecological training in which 5-year-old children are engaged in a series of group play based activities. The ecological setting may be particularly useful in reducing regulation difficulties due to EF deficit such as in ADHD children. This type of training indeed stimulates children to regulate themselves during and through playing with peers. The use of a real life situation such as playing in a preschool setting could be useful to help children generalize the cognitive improvements at least to other similar situations or tasks. For now, in fact, there is no convincing evidence of the generalization of WM and EF training to other skills for both typically and atypically developing children (Melby-Lervag and Hulme, [@B53]; Rapport et al., [@B62]).

Limitations and future directions
---------------------------------

Three major limitations of this study should be noted. First, the training was administered by a trained psychologist. To verify the effectiveness and generalizability of this training, evaluation of the training as administered by teachers is required. Second, we did not evaluate whether the gains in EF shown by the training group endured over time or whether they were associated with greater school readiness or enhanced achievement at the end of kindergarten and Grade 1. Third, we did not include an active control group; although we controlled for test-retest effects, it may be important to investigate the intervention effect considering an active control group that is matched with respect to time and effort with the training group (Brehmer et al., [@B12]).

Nevertheless, the results of this study are promising; these results indicate that it is possible to foster the development of different aspects of EF with relatively simple interventions. Future studies might seek to investigate the transferability of this training program and the exploration of long-term effects on EF and school achievement. Given the importance of cognitive and emotion regulation for children\'s school adjustment, further research should also explore what could be improved in the training program to observe more consistent effects on hot EF. Finally, it may be particularly helpful to verify the effect of this type of intervention with at risk children (e.g., children from disadvantage context) or atypical children, such as children with low EF due to social disadvantage, ADHD children, learning difficulties children.

Conclusion {#s5}
==========

In conclusion, this study confirms the efficacy of a school-based intervention that addressed all of the EF components in 5-year-old children. Differently from most intervention studies that engage school age children, this intervention focuses on preschool children. Moreover, in contrast to previous preschool interventions, this training was developed using a low-cost approach to make it feasible for educational services. Specifically, a group-based approach was preferred because it is easier to implement within the daily schedules of preschool settings than individualized interventions. Second, we preferred the use of easily available materials to ensure that the intervention may also be suitable for educational services located in disadvantaged and low-resource contexts, in which children are at higher risk of poor EF.

Given the predictive association between EF and later achievement, interventions that begin in preschool period may lead to better outcomes, especially among children who are at risk, because they may experience increase school readiness and thereby reduce the achievement gap associated with socioeconomic disadvantage (Lawson et al., [@B48]; Nesbitt et al., [@B59]). In conclusion, the development of low-cost EF training that could be feasible for educational settings should be considered a priority for prevention research.
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